To determine possible vegetation changes, 15 plant communities on public lands in the Willow Creek basin near Glasgow, Montana, that were sampled in 1960 were resampled in 1977. Most of the communities showed remarkable improvement in ground cover and forage production.
density where present. These changes seem insignificant when compared to those which have occurred in the Southwest, about which Martin (1975) states: "The vegetation on much southwestern semidesert range has shifted from grassland to brush since livestock ranching began back 100 years ago." It was also noted that, "The condition of many ranges has been depressed so long that no standard of potential is available." In an 18-year study in southern Arizona (Brown 1950) , shrubs increased on all plots including those plots grazed by livestock, protected from livestock, and protected from livestock and rodents. It was concluded that, "The desert grassland is indicated by this study to be subclimax to desert shrub climax in southern Arizona." In southern New Mexico, grasslands have also been greatly reduced by the invasion of the undesirable shrubs (Branscomb 1958) . On the Jornada Experimental Range near Las Cruces, New Mexico, grasslands decreased 28% between 1915 and 1946 and mesquite-dominated areas increased by 107% These changes were attributed to grazing, drought, and possibly a decrease in fires.
Shifts from grass-to shrub-dominated vegetation have been reported by several authors in Utah (Cottam 1947 , Christensen and Johnson 1964 , and Hull and Hull 1974 . However, an analysis of early journals and diaries caused Vale (1975) to conclude that much of the Intermountain West has changed little over time. The area was dominated by shrubs, mainly big sagebrush (Artemisia tridentata) before the impact of settlers, and this holds today. This viewpoint is supported by the work of Passey and Hugie (1963) . Although boundaries of the sagebrush type may have changed little, there is general agreement that marked changes have occurred within the type. Shrubs have increased, grasses and forbs have decreased, and voids created between shrubs have become filled by alien annuals (Young et al. 1976) .
In contrast with much of the information contained in the above reports, several authors have proposed that range conditions have improved considerably over those present during the early days of uncontrolled livestock use (Cholis 1952 , Renner 1954 , and Strickler 1961 . Renner (1954) states: "Since 1928, the livestock population of the 17 [western] states of the range area has increased 41 percent, from 32,807,OOO to 46,5 10,000 animal units. Moreover, both improvement in the range and the increase in livestock have taken place in the face of substantial reduction in area devoted to range use." Much of this change was attributed to government technical and financial assistance to landowners. It was estimated that further improvement of 150 to 3OOa/, was possible on private and public range. Cholis (1952) found that between 1939 and 1950, the percent of ranges near Wilson Creek, Washington, in good and excellent condition increased from 5 to 32%. At the end of 18 years of good management in the Wallowa Mountains of eastern Oregon (Strickler 1961) , vegetation cover increased 30%, forage production increased 174$X0, and erosion was arrested.
In an analysis of the hydrologic effects of conservation structures in the Willow Creek basin in Montana, the area of the present study, for the years 1954 to 1968 Frickel(l972) found that peak discharge, runoff, and sediment yields were reduced by the treatments. The structures, mainly reservoirs and water spreaders, must also have caused improved livestock distribution and provided increased forage and both of these effects would be expected to cause improvement in range vegetation.
In 1960, some 15 plant communities and associated soils on public land in the Willow Creek drainage basin near Fort Peck, Montana were sampled (Branson et al. 1970) . To determine possible vegetation changes, these plant communities were again sampled in 1977. Because several of the plant communities have widely distributed counterparts in the western United States, the results should have wide application. Analyses of soil moisture and soil chemistry factors affecting the plant communities are presented in the earlier report (Branson et al. 1970 ).
Description of Area
The study area is 24 km (15 mi) southwest of Glasgow, Montana, at an altitude of about 67 1 m (2,200 ft). The climate is continental semiarid, having cold winters and hot summers. Recorded temperatures have reached a low of -51" C (-59" F) and a high of 470 C (117" F). The 53-year average a ual precipitation for several n%4in&e nearby weather stations is 315 mm (1 . s) (Weather Bureau 1924 -1977 .
Bearpaw shale of Late Cretaceous age is the principal parent material for soils of the area (Jensen and Varnes 1964) . The shale, with a few thin beds of bentonite and limestone, is about 347.5 m (1,140 ft) thick and is the source of parent materials for most of the upland and lowland soils of the area.
Methods
The all-contacts point quadrat method (Levy and Madden 1933) was used to measure vegetation. Upland plant communities were sampled by a continuous 329 m (1,080 ft) transect crossing seven plant communities. A frame containing 10 vertically oriented pins spaced 5 cm (2 inches) apart was placed alongside and parallel to a stretched tape, giving 6,480 pin projections for upland communities. The lowland communities were more widespread and were sampled by separate, systematically spaced 15.2-m (50 ft) transects across each plant community. The sampling intensity for lowland plant communities was 600 pins for two communities having limited distribution (big sagebrush strip and greasewood [Surcobatus vermiculatus] Levy and Madden (1933) to be adequate for sampling dominants and the 400 or 500 points required for minor species. It was possible to duplicate closely transects of 1960 because most of the metal stakes used to mark transects and community boundaries were still in place in 1977. Pairs of data derived from comparative IO-ft sections (60 pin projections) of transects for the two sampling dates were subjected to t-tests to determine significance of differences.
Precipitation records from Glasgow, Frazer, Fort Peck, Haxby, Jordan, Brusett, Malta, and Telegraph Creek were used to compute the mean values shown in Figure 1 . These cities surround the study area and have weather records of 28 to 82 years through 1977. Although distances from the study area are 24 to 96 km (15 to 60 mi), altitudes are similar for all stations. Weather stations in a variety of directions were used to improve the probability of representing the different storm tracks that cross the study area.
Annual precipitation for the years 195 1 through 1977 is shown in 
through 1977 with mean
cipitation for the 1951-1960 period was considerably below the long-term mean and precipitation for the 1961-1977 period was above the mean, we speculated that both quantitative and qualitative vegetation differences would be apparent in the data collected at the end of those two periods. In addition to more favorable climate preceding the 1977 sampling, several treatment practices contributed to improvement of vegetation on the sampling sites. The construction of water spreaders and contour furrowing in the 1950's, and additional furrows in the 1960's on the relatively barren Nuttall saltbush type in the pasture containing the seven upland sites (Archambeault pasture), greatly improved forage production on lowlands, which undoubtedly reduced grazing pressure on uplands. Contour furrows were also constructed in the other pasture in 1948 -1949 (Branson et al. 1962 .
Results
Available grazing records (provided by the Bureau of Land Management) for the two grazing allotments for the years 1953 through 1977 are shown in Figures 2 and 3. Grazing intensities were somewhat higher for post-than pre-1960 in the Lewis Reservoir Allotment (upland types sampled) and slightly lower for the Willow Creek Allotment (lowland types sampled). It does not appear that these changes in grazing intensities would explain the marked improvements in ground cover measured in most of the vegetation types. Vegetation improved during the 17 years even though grazing intensity more than doubled (an increase of 220%) on the Lewis Reservoir Allotment (Fig. 2) .
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and a rest-rotation grazing system started in 1967. As a part oftbe grazing system, there was no grazing in 1971, 1972,1976,and 1977 in the pasture where upland vegetation types were sampled. A similar three-pasture rest-rotation grazing system was started in 1975 in the Willow Creek Allotment; and the pasture where lowland vegetation types were sampled was not grazed in 1977, the year of the second sampling. It does not seem probable that the grazing systems would account for the vegetation changes, especially not in the Willow Creek Allotment in which the first 3.year grazing cycle was completed in 1977.
For a general understanding of vegetation changes, the 15 sampling sites can be grouped into 8 plant communities that include 3 big sagebrush sites, 4 Nuttall saltbush sites, 2 greasewood sites, and single sampling sites for the remaining 5 plant communities (Fig.  4) . Figure 4 shows, in summary form, the changes that occurred in vegetation and soil surface conditions during the 17 years between samplings. Shrubs increased greatly (the difference is significant at P =X.01) in the silver sagebrush community (Figs, 4 and 5) but only slightly in other communities where shrubs were present in 1960. Although the differences appears small in the big sagebrush type, the increase was significant @ =>O.Ol). None of the other shrub increases were statistically different. The unusual increase in silver sagebrush is attributable to two factors: (I) silver sagebrush IS more palatable than most shrubs in the area and, therefore, showed greater response to reduced grazing, and (2) the location of the community on level flood plain, adjacent to an intermittent stream readily accessable to livestock, caused previous heavy use. The site was grazed annually previous to the 1960 sampling.
Grasses and mulch showed consistent and large increases in all communities.
Increases in grasses were highly significant @ = X.01). Although the increase in grasses in the buckwheat community is almost infinite, the small number of replications (6 as compared to 60 in other communities)
was not large enough to indicate statistical significance for the increase. Most remarkable was the increase in mulch in the wheatgrass meadow. There were increases in both standing and detached mulch in 1977. Either burial by sediment or removal by flowing water caused fewer contacts to be made on detached mulch in 1960, but neither of these factors seem to have removed mulch from the wheatgrass meadow in 1977. A detention dam downstream from the sampling site, A actually a recently constructed raised roadway with a culbert through it, probably caused both increases in m&h and some of the increase in live vegetation in this community.
Quantitative (Table 1) , then across lowland communities (Table 2 ). Most striking is the increase in grasses in the hilltop Nuttall saltbush community (Fig. 6) , a type that was relatively barren in 1960. This site, with a seasonal evapotranspiration of only 5 cm (2 inches) in 1960 (Branson et al. 1970) , was the second driest of 15 sites sampled. It was surprising to find that species with relatively high moisture requirements, such as green needlegrass (Stipa viridula) and foxtail barley (Hordeum jubatum), were a prominent part of the vegetation in 1977 on a site where we probably would have predicted in 1960 that such species would never occupy. Mulch was 300% more plentiful in 1977 than in 1960.
Both big sagebrush and grasses increased greatly on the big sagebrush site but forbs had decreased in both kinds and amounts.
Annuals, such as dooryard knotweed (Polygonum aviculare), , had decreased on most of the sites sampled. The abundance of annuals in 1960 was probably a response to drought conditions. Rock remained much the same or decreased slightly between the two sampling periods. The decreases were undoubtedly related to increases in mulch and live plant cover.
Bare soil decreased considerably in most of the plant communities but remained about the same in the type dominated by Nuttall saltbush. Extremely fine-textured soil with high runoff and low soil-moisture storage (Branson et al. 1970 ) causes this desert shrub community with low production potential to be present in this semiarid climate. Similar insignificant changes were found even where protected from grazing for 10 years in western Colorado (Turner 1971) ; up to 15 years protection in Utah (Rice and Westoby 1978) caused little change in similar salt-desert shrub vegetation. Two of the four Nuttall saltbush sites sampled in 1960 were later contour-furrowed and required relocation of sampling areas by about 0.3 km (0.2 mi) in 1977. These relocations introduce some uncertainty into the data but they are believed to be representative of 1977 conditions. 1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 Shrubs The most enigmatic and dynamic of the I5 sites was the one designated the "annual forb type"in 1960. When observed in 1957, the site was occupied by the relatively mesic foxtail barely (80% of the plant cover) (Fig. 7) ; but 3 years later (1960) no foxtail was present and the most prominent plant was an annual, dooryard knotweed. After 3 moist years, the site was again occupied by foxtail barley in 1964, and by 1977 the dominant species was the long-lived perennial, western wheatgrass. Factors contributing to the dynamic nature of this habitat were listed by Branson et al. (1970) as follows: 1) Surface of the site is concave and it occupies a position on the bill below two convex surfaces indicating that it must receive run-in moistllre from upslope.
2) The deep wetting shown in this clayey soil causes the soil to crack an* dry deeply in dry years.
3) Lateral movement of moisture into the site is indicated by the large quantity of moisture at depth in the soil in May, but this probably occurs only during moist years. The present desirable perennial grass vegetation on the site must also be a response primarily to above average precipitation for most years during the 1961-1977 period (Fig. I ) and secondarily to land treatment practices. It is interesting to speculate about possi- 1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 Shrubs 
1.9 -6.4 - 1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 1960 1977 ble changes in the type if another series of dry years were to occur. Would the present management practices result in survival of the western wheatgrass ? We can only guess that they might if the drought was not severe and prolonged.
Contacts on shrubs in the mixed shrub type changed very little, but grasses, especially western wheatgrass, increased greatly. However, shrubs did increase in both the big sagebrush type near the top of the hill and Nuttall saltbush type at the bottom of the hill. In these two types, as in all the other types, there were marked increases in contacts on grasses.
The two lowland Nuttall saltbush types ( Table 2) showed little change between the two sampling dates. Lack of response by this type to increases in precipitation and improved grazing management indicates that only by drastic treatments, such as contour furrowing (Branson et al. 1962 , Branson et al. 1966 , can improvement be effective within a reasonable period of time.
In the blue grama type, contacts on shrubs more than doubled (233%) and grasses more than tripled (349%). More years of data would be required to determine whether or not increased grass vigor would eventually cause a decline in shrubs. Forbs were relatively unimportant on both sampling dates. In both the sagebrush strip and the greasewood strip, contacts on shrubs showed little change, but grasses increased 359% and 685%, respectively. In both types there was considerable increase in the palatable. Nuttall saltbush. Forbs decreased in both types.
A fourfold increase in contacts on grasses occurred in the western wheatgrass meadow. Forbs, especially the annual dooryard knotweed, decreased. The most remarkable change was the increase in mulch (740%).
One of the few types to show a decrease in the dominant plant was greasewood.
In this type also, there was an increase in grass and a decrease in forbs.
The increase in silver sagebrush is discussed above. Here, too, forbs, almost all annuals, decreased and grasses and mulch increased.
The most probable cause of most of the impressive range improvement in the Willow Creek watershed must be the greater precipitation during the 17 years between the years 1961 and 1977 as compared to the 1951 to 1960 period. During this latter period, average annual precipitation was 22% (60 mm or 2.4 in) greater than for the former period. This conclusion is in agreement with that of White et al. (1978) who, for time intervals similar to those of our study, found similar improvement in vegetation on public lands in southeastern Montana and attributed the changes primarily to greater precipitation in years following drought. Grazing intensities for the two periods are probably not causative because they were equal on one pasture and somewhat greater on the other for the post-1960 period. Most of the land treatments, such as reservoir construction and contour furrows, were present before 1960 and thus not a major probable cause of improvement. Rest-rotation grazing had been in effect for only 3 years on one pasture and, although applied for 11 years on the other pasture, is not a probable cause of improvement.
Improvement of the magnitude found in the pasture with 3 years of rest-rotation grazing (Comptroller General 1977) . A disturbing fact is that little, if any, quantitative data on vegetation changes, towards improvement or deterioration, is available for public domain lands. This means that many important decisions have been and will be made on the basis of opinion because of the lack of sound data. It is hoped that this report will alleviate this deficiency partially, but it leaves many questions unanswered.
It is apparent that most of the vegetation types improved greatly during the 17 years between sampling dates, but was the range in a deteriorated state in 1960? Have the vegetation types that improved now reached their potential productivity? With the information available now, these questions cannot be answered with a high degree of certainty. At least, there can be no doubt about the fact that herbage production and range condition on the area studied have greatly improved. There is reason to suspect that this has happened on many other rangeland areas, both those privately owned and those managed by the Bureau of Land Management as is indicated in a recent report. Also, the Department of Interior, Bureau of Land Management (1975) , indicates that more intensive livestock-management programs have resulted, and could in the future result, in range improvement. The report contains the following statements:
The increase in the percentage of national resource lands in the improving trend category can be attributed to the Bureau's intensive livestock management program (AMP's). Studies on allotments covered by properly supervised AMP's generally indicate that intensive livestock management has all but halted the declining trend in range condition. Trend studies conducted on 6.6 million acres (approximately 25 percent) of the NRL's [National Resource Lands] covered by AMP's show the trend is improving on 3.6 million acres (approxi-
